INTRODUCTION

E
very year more than five million people die around the world from traumatic injury and its consequences 1 .
This accounts for 9% of worldwide mortality; greater than the combined deaths caused by HIV/AIDS, malaria and tuberculosis 1 . In 2015, 214,000 Americans died from traumatic causes 2 . Whilst hemorrhage is the second highest cause of trauma death (30-40% of trauma deaths), it is also the most preventable cause 3, 4 . Fatalities caused by traumatic hemorrhage most commonly occurred in the acute stages of injury; 36% of patients found or declared deceased at the scene of injury had exsanguinated and the majority of exsanguinations once admitted to hospital occurred in the first 48 hours of admission 4 . Traumatic hemorrhage can be subdivided into compressible and non-compressible, with the former type being easier to control and carrying less risk of mortality 5, 6 . Non-compressible hemorrhage of the torso (NCTH) is defined using the criteria in table 1 and is considerably harder to control, with an overall mortality of up to 44.6% 5 . As REBOA becomes increasingly used in major trauma centers in the United States and worldwide, extensive research and training will need to be conducted in this area to ensure that the method is reliable and well suited to its indications 10 . This review provides an update on the current literature and context surrounding REBOA.
We also review the technique itself, its indications and uses, benefits and limitations, identifying areas for future research.
TECHNIQUE
REBOA involves rapidly placing a flexible catheter into the femoral artery, manoeuvring it into the aorta and inflating a balloon at its tip. This prevents blood flow distal to the balloon and significantly decreases any non-compressible intrathoracic/intra-abdominal bleeding.
Due to the risk of ischemia-reperfusion injury, which will be discussed later in the review, it is a temporary maneuver in the emergency department to prepare the patient for a surgical procedure 11, 12 .
As an alternative to conventional resuscitative thoracotomy, REBOA has been shown to preserve myocardial and cerebral tissue perfusion in a less invasive fashion 13 . Its aims are to maintain cerebral and coronary circulation and temporarily control arterial hemorrhage from the injured organ via occlusion using balloon inflation of the aortic lumen 14 .
The use of REBOA begins with patient selection. Any physician adept at the Seldinger's technique 16 can perform a REBOA catheter insertion at the patient's bedside. Common femoral artery access is obtained via the insertion of a femoral arterial introducer, varying in size from 7Fr to 14Fr, depending on the particular device used 16 . The site at which femoral access is obtained is shown in figure 1 . . The physician should be careful not to over-inflate the balloon, as over-inflation will rupture the balloon or the blood vessel 20 . Balloon inflation Recent advances, particularly the development of balloon catheters deliverable via smaller 7Fr sheaths have led to new enthusiasm for this technique for trauma patients. However, although it has now become commercially available, the evidence of efficacy is limited 17 .
Common femoral artery cannulation can be accomplished via surgical cut-down, a blind percutaneous approach, or most recently, with the use of bedside ultrasound. Ultrasound guidance access should be considered the standard of care whenever feasible, since its use affords placement precision, effectively identifies aberrant femoral anatomy and mitigates the risk of arterial injury. It is also an alternative for achieving femoral access in patients with severe hypotension or with no palpable pulse to guide needle insertion 18 . Access has been found to be the rate-limiting step of REBOA and therefore is a critical skillset to perform the procedure.
The choice of REBOA device to be used dictates subsequent upsizing of the 5Fr sheath. A micropuncture with this size of sheath is done in order to reduce the risk of hematoma or vessel injury if initial placement is imprecise 19 . The use of a smaller introducer catheter results in a more gradual enlargement of the arteriotomy with sheath upsizing, particularly important in vessels with atherosclerotic disease.
There are several types of balloon for use in the REBOA, but the balloon more commonly selected is the ER REBOA, which is 7Fr compatible. It possesses an atraumatic flexible tip, has an arterial monitoring port proximal to the balloon that can be used to accurately measure pre-occlusion blood pressure as well as arterial response to REBOA, and external markings on the catheter that facilitate placement and were specifically designed for trauma applications 18, 20 . Other alternative balloons include the Coda ® , the Reliant ® and the Berenstein ®20 . After insertion of the femoral artery sheath, a REBOA catheter is placed into the aorta and aortic occlusion is performed. The placement of the balloon catheter in the aorta should be decided prior to insertion, and the levels of the aorta, chosen according to figure 2 21 . These levels are usually set according to the three zone classifications: Zone I (thoracic aorta, from the left subclavian artery to the celiac artery), Zone II (between celiac and renal arteries), and Zone III (infra-renal placement) 22 , and depend on the site(s) of hemorrhage.
should be guided by fluoroscopy, if available at the ER area, by the hemodynamic response and/or by the loss of the contralateral pulse. It is possible to verify the balloon position using x-ray or fluoroscopy (the x-ray is the preferred method, due to the availability in the resuscitation areas) 24 .
After balloon inflation, the patient should be taken to the operating room or angiography suite, where the necessary procedure will be done. Once specific vascular control or definitive hemorrhage control has been obtained, balloon deflation and sheath removal should be performed 
VARIATIONS OF REBOA USE
Developed from the convergence of trauma and endovascular surgery, REBOA has increasingly been used at select trauma centers as a resuscitative adjunct for trauma patients with life-threatening NCTH 25 . The intervention can be performed with a full occlusion of the aorta, which is known as complete REBOA (cREBOA), with a partial occlusion (pREBOA) or with an intermittent occlusion (iREBOA) 11, 26 .
Although the use of REBOA in clinical practice is increasing, animal data suggests that prolonged occlusion of the aorta is associated with ischemia-reperfusion injury and potentially an increased risk of death 27 . The profound distal ischemia means that there is a maximal duration of use for REBOA that cannot be extended 11 Generally, these researchers and clinicians have described this therapeutic strategy as pREBOA. However, the application known as pREBOA has been heterogeneous and the methodology to perform it remains ill-defined This represents a binary approach to resuscitation, where aortic occlusion is repeatedly toggled from "on" to "off"
to minimize the ischemic burden to downstream tissues.
As with pREBOA, the application of iREBOA remains ill- 29 .
Innovation in the development and employment of endovascular resuscitative adjuncts continues at an impressive pace. The evolution of devices and concepts involved in these efforts will inevitably lead to a growing lexicon of endovascular intervention for resuscitation 28 .
BENEFITS
REBOA is recognized as a minimally invasive and lower risk procedure in comparison to EDT, particularly in minimizing potential exposure to bloodborne pathogens 30 .
When compared to open procedures for aortic occlusion, such as EDT, REBOA was found to more consistently achieve hemodynamic stability (47,8%
vs. 27,9%, p=0.014), defined as SBP>90mmHg for more than five minutes 8 . Furthermore, there was no significant difference found in mortality rates between both Em um cenário atual onde a lesão traumática e suas consequências representam 9% das causas de morte no mundo, o manejo da hemorragia não compressível do tronco pode ser problemático. Com a melhoria da medicina, a abordagem desses pacientes deve ser precisa e imediata, para que as consequências possam ser mínimas. Portanto, visando o método ideal de manejo, estudos levaram ao desenvolvimento da técnica de oclusão ressuscitativa por balão endovascular da aorta (Resuscitative Endovascular Balloon Occlusion of the Aorta -REBOA). Este procedimento foi utilizado em centros de trauma selecionados como um complemento durante a reanimação para pacientes vítimas de trauma com hemorragia não compressível do tronco. Embora o uso dessa técnica esteja aumentando, sua eficácia ainda não é clara. Este artigo objetiva, por meio de uma revisão detalhada, trazer uma visão atualizada sobre este procedimento, sua técnica, variações, benefícios, limitações e futuro.
LIMITATIONS
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